Background: Correction of significant refractive errors in childhood helps in preventing amblyopia and strabismus. India has a huge demand for eye-care services related to uncorrected refractive errors with limited manpower resources. This can be overcome by autorefractors, which are free of operator bias, do not need skilled eye-care professionals and can be operated with ease. Hence, the purpose of this study, the first in the Indian population, was to determine the accuracy of autorefraction compared to traditional retinoscopy under cycloplegia. Method: A cross-sectional study of all children meeting our inclusion criteria was conducted from July till October 2011 in a tertiary eye care centre. Children underwent cycloplegic (cyclopentolate plus tropicamide) refraction with an auto-refractometer (Topcon KR-8900) and traditional retinoscopy and the results were compared. Patients were divided into three groups: Group 1: Myopia and myopic astigmatism, Group 2: Hyperopia and hyperopic astigmatism and Group 3: Mixed astigmatism. Clinically significant difference was defined as either of more than 0.50 D difference in sphere, more than 0.5 D difference in cylinder or more than 20 degrees difference in axis. Results: The left eyes of 294 children (148 male) were included in the study. Mean age was 8.22 ± 3.47 years. Clinically significant differences were noted in 13.22 per cent of eyes in Group 1, 15.09 per cent of eyes in Group 2 and 20.90 per cent of eyes in Group 3. Clinically significant differences were more common in children aged less than six years (25 per cent) compared to older children (9.19 per cent). Comparing the sphere, cylinder, spherical equivalent and length of power vector values gained by autorefraction and retinoscopy, no statistically significant differences were found in any group. Conclusion: Autorefraction with Topcon KR-8900 can be used reliably in Indian children older than six years, if conducted under cycloplegia. In mixed astigmatism and children less than six years, it should be corroborated with retinoscopy.
Correction of significant refractive errors in childhood is necessary to prevent amblyopia and strabismus. The educational and employment opportunities of otherwise healthy people is limited due to uncorrected refractive error and amblyopia. 1 The risk of loss of vision in the fellow eye increases in amblyopia and increases financial burden. 2 Earlier onset of refractive error results in twice the blind person years compared to cataract. 1 With the total population of more than 1.2 billion (29.5 per cent are 14 years or younger), India has a huge demand for eye-care services related to uncorrected refractive errors. 3 In developed countries, the optometrist to population ratio is 1:10,000, whereas in developing countries, it is 1:600,000. 1 India has very limited resources of about 1:25,000 optometrist to population ratio in Urban India and 1:219,000 in rural India. 2, 4 There is a need of 115,000 trained optometrist to provide eye care to all in India. 3 In developing countries like India, with huge disparities in the demands and available infrastructure, it is of utmost importance to address this problem, such that the access is not compromised in the search for precision and vice versa.
An accurate estimate of refractive status can be obtained with cycloplegic retinoscopy performed by skilled optometrists; however, the number of professionals available to perform retinoscopy accurately does not meet the need. Supplementary, manual retinoscopy is tedious, time consuming, with high inter-observer variability and difficult, even when performed by experienced optometrists. 5, 6 This can be overcome by autorefractors, which are free of operator bias, do not need skilled optometrists and can be operated with ease.
There are studies, which compare noncycloplegic autorefraction and cycloplegic retinoscopy. 7, 8 Myopic overcorrection has been reported with autorefractor without cycloplegia as compared to retinoscopy. 6, [9] [10] [11] Excess accommodative effort is exerted by children who wear spectacles that are significantly too much minus. Accommodative effort is known to be associated with progression of myopia. [12] [13] [14] Thus, it is advisable to correct patients with myopia appropriately and not overcorrect them.
There are few studies comparing cycloplegic autorefraction with cycloplegic retinoscopy, which have shown moderate to good agreement and suggested that it could be a useful screening tool for refractive error in children; 9, 15, 16 however, we could not find any study demonstrating reliability of autorefraction under cyclopentolate cycloplegia in a population with dark irides. There is concern regarding completeness of cycloplegia with cyclopentolate in children with dark irides, which can be a source of error. 17, 18 In addition, few studies have reported significant errors with autorefraction, even in populations with lighter irides despite cycloplegia. 19, 20 Thus, there is a need to find out whether autorefraction under cycloplegia can be used to find out the refractive error in an Indian population with dark irides.
Thus, this study is undertaken to determine the accuracy of the Topcon KR-8900 Auto Refractor compared to traditional retinoscopy under cyclopentolate cycloplegia in dark irides.
METHODS
The study adhered to the principles outlined in the Declaration of Helsinki and an approval was obtained from the institutional Ethics Review Board of our hospital. In this cross-sectional study, children under 16 years of age, who attended the outpatient department and co-operated for autorefraction were selected. Children with any ocular pathology, including media opacity, nystagmus, aphakia, pseudophakia, coloboma, subluxated lens, posterior staphyloma et cetera were excluded from study. After a comprehensive ophthalmic examination, cycloplegia was induced by 1% cyclopentolate followed by 0.5% tropicamide plus 5% phenylephrine hydrochloride fixed dose combination after five minutes and then a second drop of 1% cyclopentolate again after five minutes. Thirty minutes after the last drop, refraction with streak retinoscopy was performed by an experienced paediatric optometrist and repeated after 10 minutes, if the retinoscopic reflex was not stable. Refraction was repeated with the autorefractor (Topcon KR-8900) by another examiner unaware of the findings of streak retinoscopy. The average of three readings was used for analysis. The finding of the primary optometrist was rechecked by another optometrist, whenever the primary optometrist was in doubt.
Autorefraction and retinoscopic results (expressed in minus cylinder form) were compared. Refractive values were converted into spherical equivalent for analysis. Comparisons of autorefraction and retinoscopy were conducted by vector analysis 21 and each observation of sphere, cylinder and axis was converted into a single point in dioptric three dimensional spaces. The advantage of this method is that the deviation for each measurement can be derived in units of dioptres that are related simultaneously to sphere, cylinder and axis of the measurements. To compare the results, we used the power (length) of a vector that gives overall blurring strength of a given sphero-cylindrical lens complex. Comparisons of spherical, cylindrical and axis values were also undertaken separately.
A clinically significant difference was defined as either more than 0.50 D difference in sphere, more than 0.50 D difference in cylinder or more than 20 degree difference in axis. All the statistical analyses were performed using SPSS software version 15 (Illinois, Chicago, USA) and a two-sided p-value 0.05 or less was considered to be statistically significant.
RESULTS
The left eyes of 294 children aged between 2.5 to 16 years with mean age of 8.22 ± 3.52 years were included. Based on cycloplegic autorefraction and cycloplegic retinoscopy, patients were divided in three groups: Group 1. Myopia and myopic astigmatism, Group 2. Hyperopia and hyperopic astigmatism group and Group 3. Mixed astigmatism group.
Unweighted Kappa statistics showed very good agreement between two classification systems (κ = 0.88 [0.833 to 0.9260]) ( Table 1) . As good agreement was noted, autorefraction was used to classify eyes for further analysis. It also provided an estimate of auto-refractor error expected in subjects of each group (when classified based on autorefractor).
Considering cycloplegic retinoscopy as a gold standard, sensitivity and specificity of autorefraction are shown in Table 2 . The area under receiver operating characteristic (ROC) curve showed the highest accuracy for myopia (Table 2) .
Clinical significance
The frequency of a clinically significant disparity was calculated (Table 3) . Overall, the clinically significant difference was noted in 46 (15.6 per cent) eyes. The frequency was highest in the mixed astigmatic group (20.89 per cent) followed by the hyperopic group (15.09 per cent) and the myopic group (13.22 per cent). Out of 46 eyes having a clinically significant difference, 44 (14.96 per cent) had a significant difference in the value of the sphere. A clinically significant difference in cylindrical value or axis was found in very few patients (Table 3) .
We divided the children into two groups: preschool children and children older than six years of age. Out of 294 children, 120 were younger than six years and 174 were older than six years. When we compared the frequency of a clinically significant difference with age, the frequency was 
significantly more in children less than six years as compared to children older than six years (Fischer's exact test, p = 0.0005) ( Table 4) .
Statistical significance
On comparing retinoscopy with the autorefractor, overall there was no statistically significant difference in sphere, cylinder, axis, spherical equivalent or length of power vector ( Table 5 ). The mean difference between retinoscopy and autorefraction in length of power vector was 0.06 ± 0.434 D (95% limits of agreement: -0.91 to 0.79 D) (Figure 1 ). Even on comparing retinoscopy and autorefraction separately in hyperopic, myopic and mixed astigmatic groups, no statistically significant differences were noted (Table 5) .
If we term the difference between retinoscopy and autorefraction as an error, on comparing patients with age less than six years and more than six years, The error was more for younger children and was found to be statistically significant for sphere, spherical equivalent and length of power vector (Table 6 ).
DISCUSSION
Refractive error is the most prevalent cause for treatable loss of vision in children and India has a huge disparity between demand and available resources. Autorefractors are quick, accurate and reliable and the examination time is reduced tremendously. Few studies on autorefraction with cycloplegia have reported good agreement, while others did not report the same. The prevalence of myopia is on the rise in Asian countries. 9 Thus, it is important to correct them appropriately.
In our study, autorefraction with cycloplegia showed good agreement with cycloplegic retinoscopy in identifying the type of refractive error. The validity test profile was good for all three groups. Choong, Chen and Goh 9 in 2006 have also reported good validity test results for myopia (spherical equivalent up to -0.50 D) in 117 primary school children but the validity test profile for hyperopia (spherical equivalent of 0.50 D or more) showed less specificity and a positive predictive value ( Table 7) . The classification system used was different than our study.
Choong, Chen and Goh 9 reported no significant difference in mean spherical equivalent between autorefractor and subjective refraction under cycloplegia. Similarly, Tuncer, Zenbin and Karahan 22 
We noted good agreement between autorefraction and retinoscopy. We did not find any statistical or clinically significant difference. The studies reported have used spherical equivalent for analysis, but in cases of mixed astigmatism, spherical equivalent can give erroneous results (for example, +2.00 D/-4.00 DC will give a spherical equivalent of zero). Hence, we chose to use length of power vector because it gives a better estimate of overall blurring power of a sphero-cylindrical complex. 21 The patient in the above example would have been termed emmetropic, if we used the spherical equivalent to classify the refractive error.
Overall, there was a tendency towards overcorrection of minus by the Topcon Auto Refractor but this difference was not significant statistically. Harvey et al 15 showed a tendency for hyperopic over-correction with the Retinomax Autorefractor, whereas Choong, Chen and Goh 9 showed a tendency for myopic overcorrection with the Grand Seiko and Canon autorefractors (Table 8) .
On comparing the autorefractor and retinoscopic results separately in patients with hyperopia, myopia and astigmatism, no statistically significant differences were found. The frequency of a clinically significant difference between retinoscopy and autorefraction (error) was highest in the mixed astigmatic group. The difference was mainly due to a difference in sphere. Autorefraction produced a negligible error in the calculation of cylinder and axis. We have taken into account statistical as well as clinical significance. Statistical significance need not essentially translate into clinical significance. The earlier studies reported only statistical significance. However we have considered both.
The study of Smith 24 showed that the standard deviation of the uncertainty in refractive error measurement is about 0.3. The normally-quoted expanded uncertainty, which provides a 95 per cent confidence level, would then be 0.6 D in refractive measurement. As refractive errors are measured with 0.25 D incremental values, we took more than 0.50 D difference in sphere or cylinder as a clinically significant difference.
In our study, a clinically significant difference was greater in children below six years of age. This can be due to the stronger accommodation and low level of co-operation of younger children, while performing autorefraction. This can be corrected by the hand-held autorefractor, as young children find it difficult to rest their chin on the tabletop type autorefractor. The limitation of our study is that the hand-held autorefractor was not used. To summarise, the autorefractor accurately identifies refractive groups. The validity test profile was best for myopia. There was no statistically significant difference in length of power vectors gained by autorefractometer and retinoscopy; however, clinically significant difference was more in lower age group and in patients with mixed astigmatism. Thus, it can be used to identify and treat refractive errors in older children. In cases of mixed astigmatism and in younger children, it should be corroborated with retionoscopy.
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